This study attempts to uncover the truth behind an increasing number of smallholder farmers participating in sustainable coffee farming in Vietnam. Using stochastic frontier and cost-benefit analysis, a sample of 316 smallholder farmers in Dak Lak was chosen to analyze the economic impacts of sustainable and conventional coffee farming on farmers' welfare. In addition, we conducted field observation and key informant interviews to describe several farming practices. The results highlight the fact that farmers' decisions to participate in sustainable coffee farming are mainly driven by economic benefits. Sustainable farming is more cost-effective and profitable than conventional farming, despite the insignificant difference in production efficiency. Improvement of education, farming knowledge, and collective actions could mitigate negative effects of small-scale production for sustainable coffee farmers. Pesticide management, shade coffee encouragement, and reduction of excessive fertilization, over-irrigation, and unproductive coffee varieties are recommended for sustainable development of the sector.
Introduction
Despite the fact that Vietnam remains the world's most competitive coffee producers, thousands of rural coffee farmers are now struggling with price volatility and are losing hope of improving their main source of income. In addition, climate changes such as rising temperature and a longer dry season significantly reduce the land suitable for coffee farming. Further, agricultural intensification such as excessive application of nitrogen-based fertilizers (e.g., urea, generic NPKs) decreases soil microorganism diversity (De Beenhouwer et al. 2014) , causes water quality problem (Borbor-Cordova et al. 2006) , and produces high N 2 O emission (Capa Mora et al. 2015) . Farmers' practice of over-irrigation also threatens to deplete the groundwater reserves (Ahmad 2001; Amarasinghe et al. 2015; D'haeze Dave et al. 2005; Technoserve 2013 ). Deforestation and shade coffee reduction consequently lead to a disappearing refuge for biodiversity (D'haeze Dave et al. 2005; Luong and Tauer 2006; Nguyen and Sarker 2018) . Besides, 20 to 30 years old Robusta (Coffea canephora), which accounts for over 30 percent of total coffee plantation has even pushed smallholder farmers into credit trap. In response to these challenges, coffee farmers are encouraged to join sustainable coffee programs in order to ensure stable production, manage environmental resources in a sustainable manner, and to increase earnings. However, less than 10% of Vietnam's coffee production was certified or verified sustainable by the end of 2012 (Mistiaen 2012) . The main reasons behind farmers' attendance or absence in sustainable coffee farming depends on coffee price premium and market access. In this
Materials and Methods

Theoretical Framework
Measurement of economic efficiency (EE) can be decomposed into technical efficiency (TE) and allocative efficiency (AE) (Farrell 1957) . According to Coelli et al. (2005) , technical efficiency refers to the ability to produce as much as possible of one output from a given and obtainable technology, while allocative efficiency tries to use input in optimal proportion with respective prices. There are also two types of technical efficiency: output-oriented efficiency and input-oriented efficiency. The output approach addresses the question of how much a firm can increase its output while keeping its inputs unchanged. On the other hand, the input approach aims to answer the question of how much a firm can reduce its inputs while keeping its outputs fixed (Coelli et al. 2005) . The efficient frontier is known as either an output orientation or an input orientation (Tingley et al. 2005) .
The two methods widely used in the existing literatures to measure efficiency of production are data envelopment analysis (DEA) and stochastic frontier analysis (SFA). (Charnes et al. 1978) first proposed data envelopment analysis (DEA) considered as a non-parametric approach or mathematic programing. Its advantage is that multiple inputs are converted into multiple outputs, especially when inputs and outputs can be quantified using different units of measurement. DEA is commonly used, because efficiency is easy to compute and does not require a functional relationship between inputs and outputs. However, DEA approach cannot separate the effects of noise and inefficiency during the calculation of technical efficiency (Coelli 1995) . SFA approach is stochastic and parametric, which was independently and simultaneously proposed by Aigner et al. (1977) and Meeusen and Meeusen and Broeck (1977) . In this paper, we apply the SFA estimation approach for the following reasons. First, one of the advantages of SFA approach is its ability to separate the effects of noise with the effects of inefficiency and avoids confounding the effect of misspecification of functional form with inefficiency (Coelli et al. 2005) . Second, SFA can provide the statistic tests of the variables determining efficiency. Third, coffee production in the chosen study area is characterized as single output and multiple-input production. Fourth, the measure of farm specific inefficiency is not in relation to the most productive farm, as it is in DEA approach. However, the biggest disadvantage of SFA approach is that it requires one to make assumptions regarding the functional form of the inefficiency effects model.
Under stochastic production framework, recent applications of SFA used either single-step (Coelli et al. 2005; Huang and Liu 1994) or two-step procedure (Pitt and Lee 1981) to analyze the determinants of technical efficiency. According to (Coelli 1995) , there is a significant problem in the two-step procedure. In this regard, the assumptions of inefficiency effects used in either stage are violated as they are assumed to be independently and identically distributed in the first stage, while in the second stage inefficiency effects are assumed to be a function of a number of farm-specific factors, which implies that they are not identically distributed. This inconsistency problem and specification of stochastic frontier models were also in research papers of (Kumbhakar et al. 1991) . Therefore, the application of one-step approach proposed by Coelli (1995) allows exogenous variables to incorporate directly into the efficiency error component (Huang and Liu 1994; Reifschneider and Stevenson 1991) . The production frontier model proposed by Coelli (1995) is below:
where y i is the production of the ith farm as i = 1, . . . n; x ij is the vector of j inputs used by ith farm; β j is a vector of parameters to be estimated; V i − U i is the error term. The symmetric randomness V i (i.e., two-side error) captures the effects of statistical noise, which are assumed to be independently and identically distributed as [V i~| N (0, δ 2 v )|]. The non-negative randomness U i (i.e., a one-sided residual) causes technical inefficiency in the production of ith farm, which are assumed to be independently and identically distributed as [U i~| N (0, δ 2 u )|].
SFA uses a composed error model that contains several possibilities regarding the specification of the inefficiency term, which is usually assumed to follow a truncated-normal (Stevenson 1980) , half-normal (Aigner et al. 1977) , exponential (Meeusen and Broeck 1977) , or gamma (Greene 1980 (Greene , 1990 Greene 1993) . These specifications hold a strong assumption that it is independent of random deviation term and the other regressors (Parmeter and Kumbhakar 2014) . However, there is no priori justification for the choice of any specific distributional form of technical inefficiency, as different specifications lead to different estimates of cost inefficiency (Førsund Finn and Schmidt 1980) . In practice, this choice was made for reasons of computational convenience. Therefore, if U i equals to zero, the farm's technical inefficiency is nonexistent (i.e., the farm obtained the maximum output with the set of given inputs) and vice versa. The two noise components V i and U i are also assumed to be independent together. The deterministic production function is written as f (x i ; β), while [f (x ij ; β j ).exp {V i }] is the stochastic production frontier.
Technical efficiency of the ith farm can be determined by using the following equation:
The TE score is between zero and one. A farm is fully efficient if it equals to one and fully inefficient if its value is zero. The TE score smaller than one provides a measure of a shortfall of observed output from maximum feasible output in an environment characterized by exp {V i }, which is allowed to vary across farmers.
The ratio variation parameters γ that relates to the variability of U i to total variability δ 2 , defined by the following equation:
The parameter gamma (γ) can range between zero and one, explaining the impact of inefficiency factors on the independent variable. If γ equals to zero, the difference between actual farmer yield and efficient yield is due to statistical noise. Meanwhile, the value close to one implies that the random component of the inefficiency effects makes a significant contribution to the analysis of the production system.
The technical inefficiency effects (Coelli and Battese 1995) are defined as:
where the non-negative randomness U i are assumed to be independently and identically distributed as [U i~| N (0,δ 2 u )|]. One aspect of using truncated normal is the implications it presents regarding inefficiency for the industry as a whole. The truncated normal density has mode at 0 only when µ ≤ 0, but otherwise has mode at µ (Parmeter and Kumbhakar 2014) . As the truncated normal distribution reduces to the half-normal distribution on U i when µ = 0, the estimation of δ 2 u provides the average level of technical inefficiency in the sample (unconditional mean of U i ). However, if interest lies in the level of inefficiency for a given farmer, knowledge of δ 2 u is not enough, because it does not contain any individual farmer-specific information. It is worth noting that the truncated normal distribution depends on two parameters; µ and δ 2 u , which affords more flexibility in the shape of the density (Parmeter and Kumbhakar 2014) . Hence, the identification of the under-performing farmer, or farmers, using the best practices in production, demands for further investigation. In addition, assuming production and distribution shocks, estimation results do not entirely represent inefficiency. The solution for these concerns is the JLMS (Jondrow, Lovell, Materov & Schmidt) efficiency estimator that was first proposed by (Jondrow et al. 1982) . The method is to estimate U i from the expected value of U i conditional on the composed error of the model ε i ≡ V i − U i . The composed error contains individual farmer-specific information leading to the observation-specific value of the inefficiency from conditional expectation. Since the conditional density function (Jondrow et al. 1982 ) of U i given ε i is known, we can derive observation-specific of the efficiency index (Battese and Coelli 1988) . The efficiency index ranges between 0 and 1, with a value of 1 indicating a fully efficient farmer.
Research Area
The study was conducted in the Dak Lak province, Vietnam. The Dak Lak province is located in the western end of Truong Son Range, Central Highland (Figure 1 ). The provinces' geographic coordinates are from 107 • 28 57 to 108 • 59 37 east longitude and from 12 • 9 45 to 13 • 25 06 north latitude with an average elevation about 400-800 m. The total land area of the province are 13,125.37 square kilometers endowed with Acrisols, Ferralsols and other types of soil, such as Fluvisols, Gleysols, and Luvisols, etc. The climate of the whole province is significantly different in two sub regions. The North West is hot and dry, and the South East is cool and pleasant. There are two distinct seasons in Dak Lak, rainy and dry season. The rainy season starts from May and ends in October with 90% of annual rainfall. The dry season appears from November to April next year with a negligible amount of rainfall. The whole province consist of six agro-ecological zones that including Ea Sup plateau sub-region (28.43% of natural area); Buon Me Thuot-Ea H'Leo plateau (16.17%); M'Drak hill and plateau (15.82%); Krong Ana-Srepok river plateau (14.51%); Chu Yang Sin mountainous area (3.98%); and Rlang Dja mountainous area (3.88%). The river-lake networks in Dak Lak are described as three river system distributions (Srepok River, Ba River, and Dong Nai River) along with hundreds of reservoirs and 833 streams with a length of more than 10 km. Due to unique geographical location and favorable natural conditions with rich basaltic soil and high altitude, Dak Lak has been the center of coffee production in Central Highland regions, accounting for more than 30% of total coffee production area in the whole country. Coffee trees in Dak Lak can grow strong and provide cherries with high quality and distinctive flavor. With the brand name Buon Ma Thuot coffee, Dak Lak symbolizes as the world top producer of Robusta coffee. Up to now, the coffee sector in Dak Lak has provided employment for over 400,000 rural labors, which greatly contributes to the economic and social development of the region. 
Data Source and Sampling
This study used both primary and secondary sources to collect quantitative and qualitative data. The methods of data collection were direct interview, key informant interview, and field observation in 2017 crop year. The survey covered 350 farmer households, however, final 324 questionnaires were completed due to the response rate was 92.57%. However, eight cases having five or more missing values were excluded from data filtration (cross tabulation and ANOVA). Therefore, the final empirical estimation was based on 316 sample farmers. We designed the semi-structured questionnaire into several sections. First, the respondents provide the information regarding the socio-economic characteristics of the farmer household, such as age of farmer, gender, education level, ethnic group, farming experience, household size, farm size, household labor, cooperative membership, access to extension services, and investment in coffee production. The second section focuses on coffee farming practices and input management. Production cost and farmers' income generated from coffee production are in the third section (i.e., NPK fertilizer, organic fertilizer, manure, pesticide, irrigation water, hired labor, family labor, depreciation of assets, other costs of production, and coffee sale volume and selling price). The final section uncovers the farmers' problems and concerns related to sustainable farming (pest and disease control, inputs management, access to credit, access to extension service, market access, collective actions, etc.). We conducted interviews at the farmers' home, operational place or at the field. The observation was supplementary to the interviews, which is described as "unobtrusive observation" (Robson 2002) . Key informants were selected via a process of "theoretical sampling" (Glaser and Strauss 1967) based on their potential to offer distinct and important perspectives on the overview of coffee farming in Dak Lak and recent issues regarding sustainable certified production. The key informants involved Dak Lak People Committee and DARD officials, WASI (Western Highlands Agro-Forestry Scientific and Technical Institute) staffs, Buon Ma Thuot Coffee Association (BMTCA) members, and heads of village. Furthermore, reports and documents regarding Dak Lak coffee sector were collected from local DARDs, WASI (Western Highlands Agro-Forestry Scientific and Technical Institute), Buon Ma Thuot Coffee Association (BMTCA), and VICOFA (Vietnam Coffee Cocoa Association).
In this study, we employed a two-stage sampling method. The first stage involved a purposive sampling of 350 coffee farmers that have been practicing sustainable coffee farming from Krong Pak, Cu M'gar, and Buon Ho districts of Dak Lak. In this area, coffee production is the main source of farmers' income. The second stage was to identify the sustainable certified and non-sustainable certified (conventional) farmers. In the sample selection process of sustainable certified coffee farmers, we consulted official experts in local authorities, extension center, and Dak Lak Department of Agriculture and Rural Development (DARD). The heads of each local village are also involved in the finalizing process of respondents list.
Data Analysis and Model Specification
Methods of data analysis such as descriptive statistics; cross tabulation and chi-square test; t-test were utilized by Statistical Package for Social Sciences (SPSS 22.0). Another statistic program Frontier 4.1 (Coelli 1996) was used to obtain maximum likelihood estimates of a subset of the stochastic frontier production and cost function. Pooling the sample sustainable and non-sustainable coffee farmers and regressing with output would give the impact of farmers' participation in sustainable coffee production on productivity. However, the results of Chow test (F = 2.304, Probability >F = 0.013) suggested that the sample should be split (Table A2 ). Accordingly, two separate regression models were specified for sustainable certified farmers and non-sustainable certified farmers. However, sample selection might be an issue, because there exist unobservable variables that are correlated with both W i and V i , which would lead to bias estimates of stochastic production frontier. According to (Greene 2010) , the choice of technology (if based on some aspect of inefficiency) is influenced by correlation between W i and V i (random error), then, the different form of sample selection issues arise.
In order to obtain unbiased estimates, we conducted a number of test statistics. First, a multicollinearity test was done using the variance inflation factor (VIF) and Eigen values and the results ruled out the presence of multicollinearity among the independent variables. The VIF procedure applied to detect multicollinearity was preferred over the correlation coefficient method, which fails to yield conclusive results (Pindyck and Rubinfeld 1981) . If the VIF is greater than 10, then there is a potential multicollinearity problem (Wurst et al. 1989 ). The variance inflation factor (VIF) ranges from 1.212 to 2.659 and 1.235 to 5.528 in SCP and non-SCP model. Similarly, the tolerance values range from 0.376 to 0.825 and 0.181 to 0.810 in SCP and non-SCP model. Eigen values for SCP and non-SCP model are 17.971 and 18.169, respectively (Table A1 ). No serious multicollinearity problems among variables in the sample were detected by the VIF test. Second, the Koenker test was employed to detect the presence of heteroscedasticity and the test result indicated no problem of heteroscedasticity (P-value = 0.196 and 0.620 for non-SC and SC model respectively). Ignoring the heteroscedasticity of V i and U i might cause biased estimates of technical efficiency as well as the frontier function parameters (Parmeter and Kumbhakar 2014) .
The stochastic frontier production function used to specify the technology of the coffee farmers was described as below. All parameters in the models were computed by the one-stage estimation under the Frontier 4.1 Program.
where subscript i refers to the ith coffee farm in the sample; y i is the coffee yield (ton/hectare); x ij are j (j = 1, . . . , 9) input variables per hectare used by ith farm, which refer to nine independent variables; and all other variables are as defined earlier. Accordingly, x1 is NPK fertilizer (1000 VND/hectare), x2 is organic fertilizer (1000 VND/hectare), x3 is manure (1000 VND/hectare), x4 is pesticide (1000 VND/hectare), x5 is water (1000 VND/hectare), x6 is hired labor (man-days/hectare), x7 is family labor (man-days/hectare), x8 is depreciation (1000 VND/hectare), and x9 is other cost (1000 VND/hectare). The technical inefficiency effects (Coelli and Battese 1995) are defined as:
where Z i are farm-specific variables (i = 1, 2, . . . , 11). Among others, Z 1 is age of farmer (years). Z 2 is gender (dummy). Z 3 is education level (years in school). Z 4 is ethnic group (dummy). Z 5 is farming experience (years in coffee production). Z 6 is household size (number of household member). Z 7 is farm size (hectare). Z 8 is ratio of labor to land (labor/land). Z 9 is cooperative membership (dummy). Z 10 is access to extension services (dummy). Z 11 is formal credit (million VND). δ 0 is the intercept of the model. δ i denotes the unknown parameters to be estimated. Variable W i is a random error, defined by the truncation of the normal distribution with mean zero and variance δ 2 u . The use of generalized likelihood ratio test is essential to examine assumption related to model specification. The hypothesis was that all coefficients of the inefficiency effect model were simultaneously equal to zero (H 0 : = δ 0 = δ 1 = δ 3 , . . . , = δ 11 = 0). This is to test whether the explanatory variables in the inefficiency effects model contribute significantly to the technical inefficiency variations among coffee farmers. The generalized likelihood-ratio test statistics is defined by the following equation:
where L (H 0 ) is the value of the log likelihood function of a restricted frontier model specified by a null hypothesis H 0 ; and L (H 1 ) is the value of the log likelihood function of unrestricted model (alternative hypothesis). The test statistics has an X 2 or mixed X 2 distribution with degree of freedom equal to the difference between the number of parameters involved in H 0 and H1. The likelihood-ratio test statics were found to be greater than critical values (93.616 and 27.499 for SC and non-SC model).
Hence, the null hypothesis of no inefficiency effects in coffee production was rejected for both SC and non-SC farmers. An analysis of cost and revenue of the coffee farm based on gross margin is to determine whether the sustainable certified farmer is profiting from coffee production more than the non-sustainable certified. The gross margin and rate of return are given as:
GM, TR, TVC, and ROR indicate gross margin, total revenue, total variable cost, and rate of return, respectively. Table 1 presents the descriptive statistics of specific socio-economic characteristics for surveyed coffee farmers in two different farming systems. These were sustainable certified coffee production (SC) with 183 surveyed farmers and non-sustainable certified coffee production (non-SC) with 133 surveyed farmers. The frequency analysis showed that 33.3% of SC farmers and 30.1% of non-SC farmers were female. Kinh-ethnic farmers (80% of the SC farmers and 63.2% of the non-SC farmers) dominated coffee farming in both farming systems. The total 32.8% of SC farmers and 51.9% of non-SC farmers were members of cooperatives. Farmers in both groups also had access to extension services (56.8% of SC farmers and 28.6% of non-SC farmers). The average age of SC farmers and non-SC farmers were 44.6 and 43.08. SC farmers acquired a slightly higher educational level than non-SCP farmers did. The average years of educational level were 9.66 for the SC farmers and 9.17 for the non-SC farmers respectively. Farming experience for the SC farmers and non-SC farmers were 8.74 years and 16.21 years on the average. This is because more farmers at a younger age tend to participate in the SC program in Dak Lak, while the older ones are satisfied with conventional farming. Coffee farmers cultivated in the average area of 1.4 hectare under the SC system and 1.61 hectare under the non-SC system, which indicates a small-scale operation in both farming systems. The average household sizes of coffee farmer in both systems were not significantly different (4.7 for the SC and 4.63 for the non-SC). They financed their coffee production activities by the average formal credit of 51.923 million and 59.887 million VND (Vietnamese Dong) in the SC and non-SC systems. The farmer's average labor-land ratios in both SC and non-SC systems were 2.26 and 2.47, respectively (Table 2) . 
Results
Socioeconomic Characteristics of Coffee Farmer
Coffee Farming Practices
There are four popular types of sustainable certified coffee in Dak Lak including 4C (Common Code for the Coffee Community), UTZ Certified, RFA (Rainforest Alliance), and Fair trade. The widespread implementation of certified coffee production was initiated by large processors/exporters (Armajaro, Thang Loi, Phuoc An, Dak Man, Nedcoffee, Volcafe, MTV, Trung Nguyen, Intimex, 2/9, An Thai, etc.) those who have made efforts to integrated coffee farmers into their own supply system. By the end of 2014, the total number of farmers involved in sustainable certified coffee production was 49,680, which covers an area of 67,808 ha with total output of 222,711 tons. Accordingly, this accounts for 33.3% of the total coffee land area and 48.2% of total coffee yield in Dak Lak. 4C was the most popular certification with 32,706 farmers and an area of 43,802 ha, resulting in production of 141,447 tons. UTZ Certified accounted for 12,937 farmers and an area of 17,446 ha with production of 55,840 tons. The total 3823 farmers followed RFA certification, which accounts for an area of 6143 ha with production of 23,793 tons. Finally, there was only a small number of 214 farmers who applied the Fair Trade certification in an area of approximate 417 ha with production of 1631 tons (DakLakDARD 2016). The initial success of sustainable coffee production has brought many benefits for coffee farmers in term of production risk mitigation, quality product improvement, and better market access. However, many farmers have still not paid much attention to the application of organic fertilizer, bio-diverse farming practices, and coffee agro-ecosystem in their farm. We discussed the details of different coffee farming practices in term of replantation, coffee varieties, fertilizers application, irrigation, coffee pruning, pest and disease management, and use of shade trees in the coffee farm in the following sections.
Replantation
In 2013, People's Committee of Dak Lak province issued the Decision No. 2729/QD-UBND in order to replant 27,775 ha, which were estimated areas of old, low-yield, and poor-quality coffee. The specific plan from 2014 to 2020 was 3758 hectares in 2014, 4423 hectares in 2015, 3497 hectares in 2016, 3769 hectares in 2017, 4259 hectares in 2018, 4110 hectares in 2019, and 3959 hectares in 2020 (DakLakDARD 2016). In this program, Dak Lak DARD updates the progress of coffee replanting on a daily basis through reports of the local DARDs. Despite the provincial efforts, the replanting process has been facing many challenges, especially the farmers' shortage of capital, lack of technical assistance, and usage of old varieties. According to Dak Lak AgriBank, a small amount of money in coffee-replanting credit contracts were disbursed for coffee farmers and disbursement schedule was not aligned with cropping season (DakLakDARD 2016). It is ironic that coffee replanting needs a large investment of 160-230 million VNDs per hectare (approximately a three times investment for a crop year). In addition, most of ethnic minority farmers in remote areas are now facing a lack of capital, but are not eligible for loans, which hamper their efforts to replace old and unproductive trees. Besides, farmers who were able to go on with replantation still used the same old varieties, while good cultivars only account for about 10%. Furthermore, the replantation success rate depends on whether farmers continue with short-term crop rotation from two to three years after uprooting old coffee trees or replant immediately. In fact, farmers shortened the conversion period by using bio-nutrients (i.e., Emina, Rootbio, Bio99, Kurojiru) for soil quality improvement, which resulted in lower yield and coffee quality.
Coffee Varieties
According to Dak Lak DARD, the use of old coffee varieties is common practice. Old varieties are not resistant to Hemileia vastatrix disease, yet also provide the bean weight of merely 13-15 g. Most varieties in the certified production areas were still old varieties accounting for approximate 80%, while cultivars accounted for only 13.6%. The certified production area of new varieties (TR4 and TR9) with high yield only accounted for 6.4%, even though these varieties significantly influence coffee yield and quality. To widen the choices for farmers, WASI has recently supplied the high-yield clonal Robusta coffee lines such as TR5, TR6, TR7, TR8, TR11, TR12, TR13, TR14, TR15, and TR16 (Bau 2015) . These clones provide the productivity of 4-6 tons per hectare with good quality bean and percentage of R1 seed-size over 80%. They are also highly resistant to Hemileia vastatrix disease, ripen evenly, and are suitable to the natural conditions of the province. In addition, late ripening varieties were used, such as 2/1, 12/1, and 11/12, which could lengthen the harvest time to December. This is convenient for harvesting, drying, and reducing the amount of watering for coffee in the dry season.
Fertilizer
Dak Lak DARD and WASI have recommended coffee farmers the amount of fertilizer for one hectare of Robusta coffee grown in the Central Highlands red basaltic soil. With a productivity of 3 tons per hectare, farmers should apply 220-250 kg of nitrogen (N), 80-100 kg of phosphorus (P205), and 200-230 kg of potassium (K2O) (Bau 2015) . If the productivity is more than 3 tons per hectare, coffee farmers must apply an additional amount of 70 kg N, 20 kg P205, and 70 kg K20 for additional 1 ton per hectare. On the other way around, if coffee productivity reaches about 4 tons per hectare, farmers should apply 220-230 kg N, 75-80 kg P205, and 230-240 kg K 2 O with additional 5 tons of manure, 60-70 kg of Calcium (Ca), and 30-40 kg of Magnesium (Mg) (Bau 2015) . In fact, coffee farmers still fertilized higher than the yield level. Farmers excessively used 10% of nitrogen (34 kg per hectare), 20% of phosphorus (34 kg per hectare) and 3% of potassium (10 kg per hectare) (DakLakDARD 2016). However, using excessive amount of NPK fertilizer helped farmers to save labor cost of tillage. Estimated numbers of tilling after fertilizer application for four times per year were about 12-16 man-days per crop year. Farmer barely used organic fertilizers, because they are more expensive and do not bring a high coffee yield. Intensive farmers also used an addition of bioactive micro nutrition such as sulfur (S), zinc, and bore, which bring coffee yield improvement and could cure leaf curling and falling on coffee plant.
Irrigation
Unlike the other coffee growing regions in the world, the dry season in Dak Lak lasts 5 to 6 months starting from November to April of the following year. Water is crucial for growth of the coffee during dry season. Irrigation has become a decisive measure to coffee yield. Many studies suggested that water stress with lower irrigation could still ensure expected coffee yield (Amarasinghe et al. 2019; Amarasinghe et al. 2015; Crisosto et al. 1992) . During the cherry development period, coffee farmer should irrigate 390 L/plant/round with the cycle of 22-24 days/round for coffee with average yield of 3.5 tons/ha. If the cycle is 30 days/round, the amount of irrigation water should be equivalent to 530 L/plant (Bau 2015) . However, the reports of Dak Lak DARD show that more than 80% of coffee farmers irrigated an average of 400-600 L/plant/round. The number of farmers with low irrigation was 12.67% and about 7% irrigated more than 600 L/plant/round. This increased irrigation cost and caused misuse of water resources. Although dripping irrigation has many advantages such as: suitable for the coffee plant physiology, saving about 20% of water and fertilizer, and reducing labor cost, many coffee producers however refused to apply this, because it requires a large investment. About 60% of coffee growers applied the dripping irrigation method and a few applied sprinkler irrigation due to significant high investment. Further, the capacity of the existing irrigation system in the province only met 26% of the total coffee area, which led to massive drilling of wells during the times of drought. This is seriously depleting the groundwater reserves (DakLakDARD 2016).
Pruning
In coffee growing, pruning is a compulsory technique with the aim of creating a balanced canopy of coffee trees, fully exploiting the individual space of each tree, creating a balance between growth, flowering, fruiting, and stable yield. There were two main coffee pruning methods in Dak Lak that are multi-stemmed pruning (with products mainly harvested on basic stems) and single stem pruning (cutting off the plant top at a height of about 2 m with the main product harvested on secondary stems) (Bau 2015) . In the condition of adequate irrigation in the dry season, Robusta coffee plants in Dak Lak are able to generate many secondary stems (level 2 and level 3), which is technically suitable for single stem pruning. When pruning a single stem, farmers kept coffee trees at a height of about 2 m, creating favorable conditions for cutting, pest control, and harvesting. Application of single stem technique allowed Dak Lak coffee farmers to exploit local advantages such as fertile soil, low labor cost, and high intensive farming. Therefore, most of household farmers in the province applied single stem pruning method. However, this method requires large labor cost of an average of 30 to 40 man-days/hectare/crop year. In fact, many farmers in Dak Lak were still pruning based on own experience (35.4% of the coffee area). This leads to improper structure of stems that reduces productivity.
Pest and Disease Management
Farmers' coffee pest and disease management was based on multi sources of information such as own experiences, advices from local pesticide agent, different training program, or other coffee farmers. Dak Lak DARD reports that approximate 78.5% of farmers used pesticides through self-experience and only 21.5% could apply IPM skills acquired from the training. The percentage of farmers using chemical pesticides was 96%, while only 4% used bio-pesticide. Coffee farmer using pesticide two times in crop year accounted for 45% of the total. The decrease rate of pesticide overuse plus pesticide use only at the pest and disease outbreak indicates that farmers have changed their awareness. Better pest and disease management not only helped farmers to save the cost of using pesticides, but also contributed to environmental protection and farmers' welfare. However, there were still over 60% of coffee farmers in the province using pesticides for the entire farm even if pests or diseases only occur in small production area (DakLakDARD 2016). In recent years, the situation of pests and diseases threatening coffee production has been complicated. Some major pests on coffee trees include Saissetia hemisphaerica, Planococcus kraunhiea, Coccus viridis, Planococcus lilacinus, Stephanoderes hampei, Xyleborus morstatti, Cephonodes hylas, and Toxoptera aurantii, etc. Accordingly, major diseases such as Hemileia vastatrix, Colletotrichum, Pratylenchus coffeae, Fusarium oxysporum, Fusarium, Corticium salmonicolor, Rhizoctonia solani, Cercospora coffeicola, and Colletotrichum were still major challenges for sustainable coffee farmers. Besides, the pest and disease managerial skills and knowledge of local DARDs officials and consultants (pesticide agents) are still limited.
Shade Trees
Shade trees regulate the humidity of coffee plants and improve water retention and nutrients in the deeper soil horizon. The shade tree also restricts light and radiating (Van Long et al. 2015) , regulates the temperature, and limits the destruction of soil texture (Perfecto et al. 1996) . Besides, deep-rooted trees do not compete with the coffee for water and other nutrients. Many researches also highlight the positive impacts of shade trees on coffee yield (Brombini Santos and Mazzafera 2012; Staver et al. 2001 ) and disease control (Soto-Pinto et al. 2002; Staver et al. 2001 ). However, most of the coffee production area in Dak Lak has no shade trees. Currently, the area of shade coffee production in the province only accounted for 35.47% (DakLakDARD 2016). In fact, many farmers in Dak Lak were not aware of the important role of shade trees. Selected shade trees were avocado, acacia, sennaha, leucaena, macca, durian, pepper, etc. In shade coffee farming, for example, pepper was intercropped with acacia trees with a distance of 9-12 × 3 m and density of 280-370 pillars per hectare, durian trees was planted with a distance of 12 × 9 m and density of 92 trees per hectare, and avocado or macca trees with density of 60-100 trees per hectare (Bau 2015) . The low percentage of shade coffee area was one of many reasons contributing to the unsustainable coffee production in Dak Lak.
Factors of Production
According to Dak Lak DARD, the problem of low-quality inputs often causes large expenses on bad harvest for smallholder farmers in coffee production. Table 2 presents the statistically significant differences of inputs used between sustainable certified (SC) and non-sustainable certified (non-SC) coffee system. On the average, the largest expense of 14.6 million VNDs/ha was for NPK fertilizer, which accounted for 41.1% of total variable cost (TVC) for SC farmers. This cost was significantly higher in non-SC farming system (16.6 million VNDs/ha and 25.5%, respectively). Due to different farming techniques, SC farmers applied twice the amount of organic fertilizer compared to non-SC farmers (6.5 million VNDs/ha vs. 3.2 million VNDs/ha). The proportion of SC farmers' expense on organic fertilizer accounted for 14.8% of total variable cost, while it was 8.1% for non-SC farmers. Pesticide cost was significantly higher in SC farming compared to non-SC farming (1.788 million VNDs/ha vs. 1.282 million VNDs/ha). Both SC and non-SC farmers used a significant amount of manure to compost with coffee shell, nitrogen, phosphorus and lime powder. This practice helps to improve soil texture, provide organic nutrients, enhance coffee yield, and reduce input costs. In this regard, the proportions of the farmers' expense on manure for SC and non-SC farming were 13.1% and 9.8%, respectively. As previously mentioned, irrigation is crucial for coffee production, which explains the cost of 3.946 million VNDs/ha (9% of TVC) for SC farmers and 4.556 million VNDs/ha (11.3% of TVC) for non-SC farmers. With lower family labor cost, the SC farmers spent a significantly higher amount of money on hired labor than the non-SC farmers (10.105 million VNDs/ha vs. 6.612 million VNDs/ha). Other costs occur during the coffee production when coffee farmers hire necessary tools, equipment, and machines, or pay different fees, also contribute to a remarkable proportion in the total variable cost. This cost respectively was 1.225 million VNDs/ha and 4.110 million VNDs/ha, which accounted for 2.8% and 10.2% of total variable cost for SC and non-SC farmers. Depreciation of assets for SC farmers was significantly higher than non-SC farmers (2.070 million VNDs/ha/crop-year vs. 1.520 million VNDs/ha/crop-year).
Coffee Yield
The data in Table 3 reveals wide variation and significant difference in average yields of sustainable certified (SC) and non-sustainable certified (non-SC) coffee farmers. SC farmers obtained an average yield of 3.216 tons/ha, while it was around 2.933 tons/ha for non-SC farmers. The least productive SC farmer could only produce 1.2 tons/ha, while the most productive farmer could reach 5.4 tons/ha. The similar statistics were 0.867 tons/ha and 5.915 tons/ha in case of the non-SC farming system. In term of yield range, there were 21.5% of surveyed SC farmers achieving a yield level lower than 3 tons/ha, while there were 16% for the non-SC farmers. Most of the farmers in both farming systems achieved the coffee yield level from 3 tons/ha to 4 tons/ha (23.7% and 18% for SC and non-SC farmers, respectively). The data also revealed that the number of farmers that could reach the yield level of more than 4 tons/ha was higher in the case of sustainable coffee farming than conventional farming (12.7% and 6% for SC and non-SC farming respectively). This indicates that the sustainable farming system effectively enables farmers to maximize the potential yield of Robusta coffee. 
Maximum Likelihood Estimates
Stochastic Frontier Production Model
The maximum likelihood parameter estimate of the stochastic frontier production model and the inefficiency function for the SC and non-SC coffee production are presented in Table 4 . The results indicate that the slope coefficients in the production functions for SC coffee production were positive, as expected. For the SC model, estimated variables NPK fertilizer, organic fertilizer, manure, family labor, and irrigation water had significant positive effects on the variation of the SC coffee output. Partial production elasticity of NPK fertilizer, organic fertilizer, manure, family labor, and irrigation water are 0.409, 0.076, 0.072, 0.080, and 0.105, respectively. The return to scale value was 0.7417, which was the summation of significant estimated parameters. This means that a 1% increase of these variables lead to a 0.7417% increase in SC coffee output. For the non-SC model, NPK fertilizer, organic fertilizer, and hired labor had significant positive effects on the non-SC output. Partial production elasticity of NPK fertilizer, organic fertilizer, and hired labor are 0.456, 0.133, and 0.049, respectively. The return to scale in this case was 0.6387, meaning a 1% increase of these variables lead to 0.6387% increase in non-SC coffee output. The variability in usage of manure, water, and family labor inputs was higher in the SC than the non-SC model. Meanwhile, the variability of using hired labor input was higher in the non-SC than the SC model. Pesticide, depreciation, and other cost had insignificant effects on coffee output in both models. Both production systems were at the stage of decreasing return to scale. 
The Inefficiency Effects Model
The variance parameters in the stochastic production frontier are represented by sigma squared (σ 2 ) and Gamma (γ). The estimated sigma squared for SC and non-SC were 0.0491 and 0.0679, which also was significant at 0.05 and 0.01 level. This indicates a good fit and correctness of the specified distributional assumption of the error terms. The Gamma parameters associated with the variance in stochastic frontier production function were estimated to be 0.9179 and 0.7168 for the SC and non-SC model. This indicates 91.79% and 71.68% of the variation in coffee farmers' output was due to difference in technical inefficiencies in two models, respectively. The null hypothesis was successfully rejected in favor of the alternative hypothesis, which states that the explanatory variables associated with inefficiency effects model are simultaneously different from zero. Hence, these variables simultaneously explain the differences in inefficiency effects among coffee farmers in both SC and non-SC models ( Table 4 ). The results of the inefficiency effects in the stochastic production frontier show that education, household size, cooperative membership, and credit had significant positive effects on technical efficiency of the SC coffee farmers. This means that an increase in educational level, household size, and cooperative membership participation lead to a higher level of technical efficiency for coffee farmers in SC farming system. In addition, estimated variables such as ethnic and credit also had significant positive impacts on technical efficiency of non-SC coffee farmers, which indicates that an increase in ethnic and credit lead to more technical efficient production of non-SC coffee farmers. The estimated coefficients of credit indicate significant positive effects of this variable on technical efficiency in both farming systems.
Technical Efficiency
Frequency analysis of technical efficiency level indicates the existence of a difference in the efficiency level among farmers in SC and non-SC farming system (Table 5 ). The statistics reveal that the technical efficiency ranged from 45.5% to 98.0% for SC farmers and 49.1% to 97.2% for non-SC farmers. Most coffee farmers in both systems achieved the technical efficiency score of more than 90% (59% of SC farmers and 59.4% of non-SC farmers). The MLE results show that the average technical efficiency score for SC farmers was 88.24%, which was not significantly different from the average technical efficiency score of 87.69% for the non-SC farmers (from independent samples t test with t = 0.491). This suggests that coffee farmers in both farming systems could increase coffee output by approximately 12% with the same level of inputs if the coffee farmers would have been in their most efficient frontier. Here, SC farmers could reach 9.97% of cost saving (i.e., 1 − 45.5/98.0 × 100) if they achieve the technical efficiency level of their most efficient counterparts. The value of 9.8% of cost saving was calculated for non-SC farmers. The distribution of technical efficiency levels in both farming systems increases in the upper intervals. The average technical efficiency scores across different farm sizes in Table 6 reveal that there was a direct relationship between farm size and technical efficiency score in the case of SC farmers. The larger farm size, the higher level of technical efficiency the SC coffee farmers could attain. However, the result is consistent with our hypothesis that a large farm-size induces higher technical efficiency level. The pattern was slightly similar in the case of non-SC farmers, as the non-SC farmers with a large farm size obtained the highest technical efficiency of 91.12%, while it was a lower average technical efficiency score for the medium and small farmer in non-SC system. 
Cost-Benefit Analysis
Cost-benefit analysis in Table 7 reveals the significant differences in selling price, total variable cost, and gross margin of SC and non-SC coffee farmers in Dak Lak provinces. However, cost-benefit analysis in this table excluded family labor cost. The rates of returns are supposed to be different if family labor cost are included for both farming systems. The fact is that each farming system requires different labor-intensive needs due to different practices. Through our survey, we were able to ask the farmer to provide the reasonable price per person-day at farm. The approximate calculation of family labor cost was based on expenses on hired labor that the farmer paid at each stage of coffee production during the crop year. Hence, on the average, the significantly different family labor costs for SC and non-SC farmers respectively were 19.027 million VNDs/ha and 24.860 million VND/ha (from independent samples t test with t = −8.749). Family labor cost accounted for 27.8% and 43.7% of the gross margin for SC and non-SC farmers respectively. SC farmers were able to receive a price premium that was significantly higher than the price received by the non-SC farmers (34.82 thousand VNDs/kg vs. 33.14 thousand VNDs/kg, from independent sample t test with t = 9.236). With the average yields of 3215.77 and 2933.25, SC and non-SC coffee farmers achieved the revenue of 112.35 million VNDs/ha and 97.229 million VNDs/ha. Gross margin per hectare for both coffee-farming systems were 68.365 million VNDs and 56.763 million VNDs respectively. Profit was realized in both systems, but the gross margin was significantly higher in sustainably certified coffee production. However, there was no significant difference in rates of return between these farming systems, as t-statistics was 1.343. As previously explained, inclusion of family labor cost provided significantly different rate of returns of 0.78 and 0.49 for SC and non-SC farmers (t = 7.336). The results suggest that SC farmers were not only able to reduce family labor cost but also more efficient in production. Trading off family labor resource plus excessive use of fertilizer to maximize gross output is no longer a productive practice in this case.
Discussion
In order to explain farmers' struggle for sustainable production, this study estimated technical efficiency of sustainable and conventional coffee farmers in the Dak Lak province of Vietnam using a parametric approach. Technical efficiency levels were found to be insignificantly different in both farming systems (from an independent sample t test with t = 0.491). This is contradictory to our hypothesis that conventional farmers would be more technically efficient due to their excessive inputs uses. The average technical efficiency levels of sustainable and conventional coffee farmer were 88.24% and 87.69%, respectively, which refers to an opportunity for sustainable and conventional coffee farmers to increase 11.76 % and 12.31% in their coffee outputs by applying better practices. In addition, the results indicate that Vietnamese coffee production is relatively more efficient than in Costa Rica (Wollni and Brümmer 2009) , Kenya (Kamau et al. 2017) , and Indonesia (Widjaya et al. 2017) , but less efficient than Cameroon (Nchare 2007) and Nepal (Poudel et al. 2015) . The technical efficiency score across farm size confirm that larger coffee production scale achieves higher level of technical efficiency.
This contradicts the findings of Bardhan (Bardhan 1973) who stated that small farmers use more inputs due to market imperfection, and hence produce more output.
Determinants of Technical Efficiency
Existing literatures suggest that several socioeconomic factors might have significant effects on farming efficiency, such as: age of farmer (Binam et al. 2004; Dessale 2018 Dessale , 2019 Kamau et al. 2017; Sriboonchitta and Wiboonpongse 2004); gender (Bich Hong and Yabe 2015; Sriboonchitta and Wiboonpongse 2004) ; education (Dessale 2018 (Dessale , 2019 Ho et al. 2014; Tun and Kang 2015) ; and ethnicity (Gaitán Cremaschi et al. 2018; Ho et al. 2014 ). In addition, farming experience (Poudel et al. 2015; Sriboonchitta and Wiboonpongse 2004) ; household size (Bati Mustefa et al. 2017; Binam et al. 2004; Okoruwa et al. 2006) ; extension service (Poudel et al. 2015) ; cooperative membership (Bich Hong and Yabe 2015) ; and credit (Dessale 2019; Nyagaka Daniel and Nguyo 2009) .
In a conventional farming system, a factor positively affecting technical inefficiency for a coffee farmer was age, which indicates that aging farmers are less technically efficient than are their younger counterparts. The result highlights the fact that old farmers neglected to new production techniques under the transition process of the coffee sector, which is consistent with findings of Kamau et al. (2017) . However, it is contradictory to Sriboonchitta and Wiboonpongse (2004) and Dessale (2018 Dessale ( , 2019 who argued that old farmers with cumulative knowledge, skills, and more farming experience could have efficient use of inputs. Ethnic variable had a significant and negative impact on technical inefficiency, which means increased participation of ethnic minority farmers in the conventional coffee farming leads to higher efficient level of coffee production. The result is similar to findings of Ho et al. (2014) and Gaitán Cremaschi et al. (2018) . This contradicts our hypothesis that ethnic minority farms are less favorable for coffee production (Gaitán Cremaschi et al. 2018) , for example, most of ethnic minority farmers in remote areas are facing a lack of capital but are not eligible for loans to replace old and unproductive coffee trees (DakLakDARD 2016). Hence, the reason could be farmers' high dependency on coffee production (Gaitán Cremaschi et al. 2018) or effects of multiple environmental factors (Ho et al. 2014) .
In sustainable farming system, variable education had a negative and significant effect on inefficiency of sustainable coffee farming, hence a higher-educated farmer is more technical efficient in sustainable farming system. This result is similar to the findings of Ho et al. (2014) , Dessale (2018 Dessale ( , 2019 , and Binam et al. (2004) at the point that farmers benefit from schooling through higher level of technical efficiency. Well-educated farmers easily acquire and utilize skills and knowledge through trainings and successfully transfer it into efficient production. Variable household size had a significant and positive effect on efficiency of sustainable coffee farming, indicating that a larger household farmer obtains a higher level of technical efficiency in sustainable coffee farming. The result refers to the efficient use of family labor in sustainable coffee farming, which significantly contributed to the increase of coffee output (t = 3.8133). For a small household, labor is a family resource or is available at a rate lower than a market rate (Swain 2016) . This is also in line with the findings of Okoruwa, Ogundele, and Oyewusi (Okoruwa et al. 2006) , Bati Mustefa et al. (2017) , and (Ateka et al. 2018 ) who stated that the coffee sector is labor-intensive and family labor resource can help to exploit the existing potential for increasing efficiency. The cooperative membership variable was negatively associated with technical inefficiency, which indicates the positive spillover effects on efficient production in the sustainable coffee farming. The result is in line with findings of Bich Hong and Yabe (2015) that participation in cooperative enable efficient production through better farming techniques, inputs management, pest and disease control, market access, and knowledge exchange with other farmers. In both farming systems, variable credit had a positive and significant effect on efficiency of coffee production. Credit availability enables farmers to make a timely purchase of inputs regarding production cycle. Otherwise, shortage of liquidity leads to farmers' misuse of proper fertilizer, pesticide, or recommended varieties in coffee replantation. Ho et al. (2014) , Binam et al. (2004) , Nyagaka Daniel and Nguyo (2009) , and Dessale (2019) also found a positive relationship between credit and technical efficiency in their findings, which is in line with this study.
Factors Influencing Coffee Output
In coffee production, yield is a function of NPK fertilizer, organic fertilizer, manure, pesticide, irrigation water, hired labor, family labor, depreciation, and other cost. For sustainable farming system, NPK fertilizer is the most important input and is positively associated with the coffee yield. For that reason, it accounts for 41.1% of total variable cost. Explanations for direct relationship between the application rate of NPK fertilizer and coffee yield are in the studies of (Castro-Tanzi et al. 2012) and Capa Mora et al. (2015) . The estimated coefficient of NPK fertilizer was positive and significant at 1% level, which indicates that with an increase in the use of NPK fertilizer by 0.4092%, the coffee yield increases by 1%. However, excessive use of NPK fertilizer severely causes environmental problem, such as emission of greenhouse gas, soil degradation, and water pollution. Another important factor contributed to coffee yield is family labor. Increasing family labor cost by 0.1053% leads to an increase of coffee yield by 1%. Coffee sector is labor-intensive, and a shortage of skill labor is a common problem, especially during the harvest season. The positive relationship between family labor and coffee output is consistent with the previous findings of this study that larger household are able to utilize family labor resource to obtain higher efficient production. This is also in line with the findings of (Ho et al. 2014) . Variables organic fertilizer, manure, and irrigation water altogether have the positive impacts on coffee yield but in approximately similar magnitude. The small impact of irrigation water on coffee yield found in this study is different from findings of Ho et al. (2014) due to environment factors such as rainfall or availability of groundwater.
For conventional coffee farming, NPK fertilizer is also a key factor for coffee farming as its estimated coefficient was 0.4564 and significant at 1% level. Despite that the family labor cost is significantly higher (from an independent sample t test with t = −9.9213), hired labor cost had significant effect on coffee yield at 1% level. This is contrary to sustainable farming that hired labor cost is significantly higher (from an independent t test with t = 5.609). It seems that sustainable farming is family labor cost-effective and conventional farming is hired labor cost-effective otherwise. Use of organic fertilizers is among the key attributes of sustainable coffee production. Organic fertilizers had a great impact on a coffee yield for conventional farmer, which is contradictory to findings of Ho and Niekdam (2016) . They argued that there was no direct relationship between coffee output and organic fertilizers in a crop year, but in two years instead. Although irrigation water is increasingly becoming important in conventional coffee production, the effect of irrigation water on coffee yield was insignificant. This implies that irrigation water may be favorable for some farmers, while others find it more difficult. Unreliable rainfall is also another factor that rules out the effect of irrigation water on coffee output for conventional farm (Ho and Niekdam 2016) .
Challenges Facing Sustainable Coffee Production
Detected main issues regarding sustainable coffee production are aged coffee, excessive application of fertilizer, misuse of water resource, and pesticide overuse. First, many pests and diseases are severely harming coffee production such as saissetia hemisphaerica, planococcus kraunhiea, coccus viridis, planococcus lilacinus, stephanoderes hampei, hemileia vastatrix, colletotrichum, pratylenchus coffeae, and fusarium oxysporum. However, coffee farmers inadequately practiced effective pest and disease control. Coffee farmers' pest and disease management skills are most often based on own experiences. The frequency of 78.5% of farmers who use pesticides by self-experience and the other 21.5% are by knowledge and skills acquired from the training. The major concern is that chemical pesticides are still being used in large scale (96%). Pesticide used in sustainable farming system was ironically higher than the conventional (from independent sample t test with t = 3.55). This practice of excessive pesticide use pose a potential risk to farmers, leads to destruction in agricultural biodiversity, and causes water and soil contamination that is later becoming a major contributor to climate change (FAO 2003) .
Second, 15 to 20 years and over 20 years coffee trees still account for 32.88% and 31.48% of the total production despite the efforts of local governments in replantation program. Aged coffees are not resistant to many diseases and provide low yield, while replantation confronts farmers with a large investment (160-230 million VNDs/ha) and patience (2 to 3 years). During the conversion stage, whether farmers should replant, switch to a new crop, or leave the land idle come the second problem. These decisions of farmers are based on future expected price (Cong Thang et al. 2009 ). In fact, some farmers use soil bio-nutrients (Emina, Rootbio, Bio99, Kurojiru, etc.) to shorten conversion period, which later results in lower coffee yield and quality. Moreover, farmers replanted old varieties (approximate 80%) while good cultivars (higher yield and disease resistance) were not significantly used. This most likely brings coffee farmers back to their struggle at the first place.
Last, overuse of fertilizers and over-irrigation prevail in most coffee areas. Excessive application of NPK fertilizer has been a common habit of coffee farmers in Dak Lak. Coffee farmers overused 10% of nitrogen (34 kg per hectare), 20% of phosphorus (34 kg per hectare) and 3% of potassium (10 kg per hectare). This farming practice not only lead to changes in soil chemistry (acidification or depletion of other nutrient) but also to environmental problems such as eutrophication, greenhouse gases, and nitrous oxide (N 2 O) emission (Borbor-Cordova et al. 2006; Capa Mora et al. 2015; De Beenhouwer et al. 2014) . Further, over-irrigation from pumping groundwater threatens to deplete the whole regions' groundwater reserves (Ahmad 2001; Amarasinghe et al. 2015; D'Haeze Dave et al. 2003) .
Conclusions
Under the trend of market-oriented reform and industrialization process, sustainable coffee production provides opportunities for smallholder farmers to integrate successfully into the high value markets. Most farmers realize the positive impacts of sustainable farming in term of economic efficiency, environmental protection, and social welfare. However, farmers' involvement in sustainable certified coffee production stems from the typical problems of limited access to capital and technical assistance, and competitive domestic buyers. Therefore, a productive coffee farmer could either continue traditional intensive farming due to his availability of resources or adapt the rigorous sustainable practices and look for overall benefits in the future. The results of this study provide evidences that sustainable farming is actually more profitable and cost-effective than conventional farming, although there was no significant difference of production efficiency in both farming systems. Yet, some main issues to question the long-term sustainability of coffee production are excessive fertilization, over-irrigation, aged coffee, and pesticide management. Moving toward sustainability is necessary for Vietnamese coffee industry in term of economic, ecological, and social benefits. In addition, improvement of education, farming knowledge, and collective actions are essential for sustainable coffee farmers to mitigate the effect of small-scale production. This is not necessarily a criticism for choosing one distribution of the inefficiency term over another (Parmeter and Kumbhakar 2014) . The model proposed by Battese and Coelli with generalized truncated-normal distribution assumption was the choice in this empirical study due to its computational simplicity as well as its ability to examine the effects of various specific variables of farmer household on technical efficiency (Sharma 1999) . However, if the inefficiency effects follow a half-normal distribution, a parameterization approach can be deployed to allow for potential heteroscedasticity in the noise term (Parmeter and Kumbhakar 2014) . Therefore, a parameterization approach is better in investigating exogenous influences on efficiency of a truncated-normal model. Another limitation of this study is that the correlation between random error in the selection and frontier models due to unobserved variables or choice of technology is based on some aspect of inefficiency, which might lead to bias estimates (Greene 2010 ). In addition, if selection of non-SC and SC coffee farmers is an issue, which is sometimes called heterogeneity bias, "failure of common support" or "spillover effects" to the comparison group would have been a prominent concern in evaluating the impacts of the sustainable coffee production program (Ravallion 2008) . Finally, due to the results pertain from the research sample, the study was not extrapolated to the entire coffee sector. For that reason, further researches in regards of the preceding as well as measure of social and environmental impacts of sustainable farming could complement this study.
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